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2 < Pyrazole =454 1,24-triazolidine-3,5-dione(1)¥} 1,3,4-oxa(or thia)diazolidine-2,5-dione(2,
3)9] lactam-lactim tautomerE-% ab initio, AM1 e PM3 uhH o 2 AF3lgdct Al 712 widellA] 25
1 3589 713 A E o= dilactamg! 1ao) 2 o8- 2 2 lactam-lactimal 2bE A=} A A o)
o}z 1as} 1b oiv]A] a}e]l= 4.1~12.6 kcal/mol = A 4= gic). 1ao) h& ab initio +Z& X-ray 72}
A A&k ik 2 3HEE9] Y EE 2a>2b>2¢q) HbH FUALE E£3Hsly e 3 33HE tautomerE7HY)
dAE FAME At &€k 3-21Gol M+ 3a7} 3bX.e} 4.9 keal/mol HEH v AM1L 3b7} 271
kcal/mol QHA%F S Agich

ABSTRACT. Molecular orbital calculations at the ab initio, AM1, and PM3 levels have been carried
out to investigate the lactam-lactim tautomerism of 1,2,4-triazolidine-3,5- dione(1) and 1,3,4-oxa(or thia)
diazolidine-2,5-dione(2, 3). Most stable tautomer in 1 compound has been calculated to be a dilactam
1a and next one is lactam-lactim 1b. The relative energies between la and 1b are 4.1~12.6 kcal/mol
depending on computational methods. The optimized 1a structure at ab initio level is in good agreement
with X-ray structure. While the stabilities of 2 tautomers are in order of 2a>2b>2¢, the stabilities of
3 tautomers are dependent on methods. According to 3-21G basis set, 3a tautomer is more stable by
4.9 kcal/mol over 3b tautomer. In contrast, the heat of formation of 3a at AM1 is higher by 2.71 kcal/mol
than 3b.
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Table 1. Optimized geometries of la~ le tautomers
in 3-21G basis set. The bond distances are in angst-
roms and the angles in degrees. The relative ener-
gies® are listed in kcal/mol

1a 1b 1c 1d le Exp.
Ni-N; 1441 1441 1443 1458 1430 1410
N,-Cs 1390 1.274 1370 1.280 1300 1354
N,-C; 1390 1360 1426 1.280 1.329 1.367
Cs-Ny 1382 1400 1411 1370 1.308 1.378
N-Cs 1.382 1363 1.277 1370 1373 1.380
C3-06 1203 1210 1.198 1.340 1331 1.232
Gs-0, 1203 1336 1.323 1.339 1338 1.237
Ni-N:-C; 1079 1128 1063 1058 1088 107.7
No-Ni-G; 1079 1025 103.0 1057 1008 108.3
Nz-Cs-N, 1048 1020 1065 1124 1112 106.3
Ni-Cs-N, 1048 114.1 1158 1124 1160 106.6
Cs-N,-C; 1135 1085 107.3 1036 1032 1102
Rel. E 0.00 1261 2855 3554 31.52
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“The total energy of la tautomer at 3-21G is
—388.37852 hartrees.
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Table 2. Optimized geometries of 1a~le tautomers in AM1 and PM3. The bond distances are in angstroms
and the angles in degrees. The relative energies® are listed in kcal/mol

1a 1b 1c 1d e

AM1 PM3 AM1 PM3 AM1 PM3 AM1 PM3 AM1 PM3
Ni-N; 1395 1464 1.356 1.409 1.365 1.469 1322 1348 1345 1.388
Ni-Ns 1453 1447 1358 1.338 1415 1438 1375 1354 1379 1356
No-C; 1465 1446 1420 1417 1448 1.466 1376 1.355 1404 1380
Cs-N, 1418 1431 1426 1436 1444 1454 1408 1405 1369 1370
N4-Cs 1418 1432 1413 1413 1.353 1327 1408 1405 1422 1404
C3-0s 1235 1215 1.241 1222 1236 1.207 1369 1.353 1367 1348
Cs-0, 1235 1215 1.369 1.348 1366 1340 1370 1.353 1378 1342
N;-No-C; 1076 106.8 1130 1106 106.8 106.7 1086 1088 1103 109.2
N;-Ni-Cs 1074 106.6 1051 1065 1039 1029 1085 10838 1038 1052
N,-C3-N, 107.3 1065 104.1 1042 108.7 1064 1101 109.0 1105 109.2
N;-Cs-N, 107.3 106.6 1122 1113 1152 114.2 110.1 1089 1141 1118
C3-N.-C;s 1085 1099 1057 107.0 1038 1074 102.6 1045 1014 1047

Rel. E 0.00 7.86 17.44 1242 17.01
0.00 4.10 12.53 11.18 10.03

“The heat of formation of la tautomer at AM1 and PM3 are —16.78 and —48.23 kcal/mol, respectively.
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Fig. 1. Relative energies of the 1la~1le tautomers in
ab initio, AM1, and PM3 levels.
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Table 3. Optimized geometries of 2a~2¢ and 3a~3c¢
tautomers in 3-21G basis set. The bond distances are
in angstroms and the angles in degrees. The relative
energies® are listed in kcal/mol

2a 2b 2c 3a 3b 3c

Ni-N; 1439 1441 1474 1422 1413 1437
Ni-Cs 1383 1.267 1269 1364 1257 1262
N:-C; 1383 1.354 1269 1.364 1356 1.262
Cs-X, 1.384 1416 1372 1.857 1.887 1813
X-Cs 1384 1355 1372 1.856 1.805 1.813
Cy-0s 1186 1.190 1322 1.195 1195 1337
Cs-0, 1186 1321 1322 1.195 1338 1337

Ni-N,-C; 1077 1124 1051 1163 1198 1125
N;-Ni-Cs 1077 1023 1051 1163 110.7 1125
N,-C:-X, 1059 1029 1138 1081 1056 116.0
N;-C:-X, 1051 1156 1138 1081 1174 1160
Ci-Xi-Cs 111.8 1069 1022 906 865 83.0
Rel. E 0.00 12.17 3640 0.00 491 24.94

“The total energies of 2a and 3a tautomers at 3-21G
are —408.07631 and —729.16074 hartrees, respecti-
vely.
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Table 4. Tautomerization energies (kcal/mol) of 3,6-
dihydroxypyridazine 6a~ 6¢*

6a 6b 6¢
MNDO 28.6 15.0 0.0
AM1 131 59 0.0
PM3 48 2.6 0.0
3-21G 20 0.0 89

“Ref. 13.

GAEA)7} odrh HHH o2 FYP1E T 3
EEol g Aol A& basis seto] A A
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Table 5. Optimized geometries of 2a~2c and 3a~3c
tautomers in AM1. The bond distances are in angst-
roms and the angles in degrees. The relative ener-
gies’ are listed in kcal/mol

2a 2b 2¢c 3a 3b 3¢

Ni-N: 1394 1361 1331 1.376 1335 1.302
Ni-Cs 1450 1338 1.354 1430 1.338 1.361
N;-Cs 1451 1404 1354 1431 1413 1.360
C-Xy 1407 1420 1406 1773 1.790 1.734
X-Cs 1407 1410 1406 1773 1744 1734
Cs-0s 1219 1203 1346 1.231 1.233 1.362
Cs-0; 1219 1203 1346 1230 1.363 1.362

Ni-N.-C;  107.1 1127 1079 1131 1183 1132
N.-Ni-Cs 1073 1044 1079 1130 1103 1128
N,-C;-X, 1088 1050 1118 1095 1069 1139
N-Cs-X, 1088 1136 1118 1095 1159 114.1
Cs-Xi-C; 1072 1043 1006 916 886 86.0
Rel. E 0.00 1040 19.04 271 000 431

“The Heat of Formation of 2a and 3b tautomers at
AM1 are —66.71 and —21.88 kcal/mol, respectively.

3k 3 3H§HE-9] tautomerSol A C-S Aol al
1.805~1.887 A2 thekit #3H3HE(Z, Thiophene,
Thiirane, Methanethiol -+ $)ell ti&} 3-21G basis
sete] AAbATAl 1797~1934 A2 WFatel &3}
3 gl AM13F PM3 whgol] 93 A4 A 28 Table
59} 69 Qofstedc)

2 3tgHEoll g A Abell Al AM13} PM3 b el 4
2% dilactam 3J€j Q) 2a tautomer7} 7} QbR &
gL 7tz —66.71, —86.84 kcal/molZ ol A
g3 urazoles} 32U &HA) PM3 wholl 2] A4 do)
v =24 A4=Eg 2, 3 #3182 tautomerE-ol
N3t ANA =] 27§ 747 Fig. 29} 3ol 24
ataich

2 33HE-9) tautomerSof] d3 St =+ 2a>2b>
2c¢ <A1 & ab initio, AM1 28] 2 PM3¢2] whHS¢ll 4
2% AR5t glch ey #3448 253 3 3}
gHeol ik AliRE g7t Aol FAE RAFm
altl. AM1° 2+ lactam-lactim 3€]2] 3b tauto-
mer7} dilactam®] 3aol ®v]a] 2.71kecal/mol ] <t
A Ao A=l 22y PM3i= HHE 3a
7} 3b2ch 191 kcal/mol ©f <y A2 A=
£l A<= ab initio®] ZA3}e} A3l qich AM1
2] 3bs} PM39] 3a tautomerol| tigr YA zbz}
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Table 6. Optimized geometries of 2a~2¢ and 3a~3¢
tautomers in PM3. The bond distances are in angst-
roms and the angles in degrees. The relative ener-
gies® are listed in kcal/mol

40 -
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30 4o

——AM1 |

—a—3210
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2a 2b 2¢c 3a 3b 3c
Ni-N. 1462 1417 1373 1452 1387 1350
N;-Cs 1448 1323 1.338 1445 1328 1.342
N.-C; 1447 1410 1338 1444 1429 1342
C-X, 1.388 1405 1378 1.825 1.842 1.788
X,-Cs 1.389 1384 1378 1.824 1788 1.787
Cs-0s 1.203 1.208 1336 1209 1.121 1350
Cs-0; 1.203 1335 1.336 1.209 1349 1.350
Ni-N,-C; 1053 109.7 107.1 1123 1157 1130
N,-N;-Cs 1050 1051 107.1 1118 1120 1129
N.-Cs-X, 1086 1054 111.2 1103 1085 1149
N-Cs-X; 1087 1132 1113 1105 1166 115.0
C-Xi-Gs 109.1 106.7 1032 906 872 84.2
Rel. E 000 586 1644 000 191 1196

“The Heat of Formation of 2a and 3a
PM3 are —86.84 and —27.54 kcal/mol, respectively.
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Fig. 2. Relative energies of the 2a~2¢ tautomers in
ab initio, AM1, and PM3 levels.
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Fig. 3. Relative energies of the 3a~3¢ tautomers in
ab initio, AM1, and PM3 levels
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tam ¥ejQ laz} 7H HAFE A 7HA wpel A
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